Results
Inclusion criteria were met in 166 cases. The plaintiffs were predominantly male (94 cases; 56.6%), and the average patient age was 53.3±17.5 years. More than half of the cases involved a cardiologist as a defendant. The most common reasons for litigation were: failure to treat (129; 77.7%), failure to diagnose (115; 69.3%), failure to refer/order diagnostic tests (107; 64.5%), and patient death (118; 71.1%). Among cases tried for failure to diagnose, the most commonly missed diagnosis was myocardial infarction. Cases most commonly resulted in a defendant verdict (94; 56.6%). However, odds of a plaintiff verdict were significantly higher when failure to diagnose was alleged with an odds ratio (OR) of 7.60 (95% confidence interval 1.14 -50.87, p = 0.0365).
Conclusions
Failure to diagnose remains a commonly alleged base for litigation. In conclusion, our analysis suggests increased training for non-cardiologists in the recognition of the acute coronary
Introduction
Physicians' principal duty is to provide the highest quality medical care for patients. However, fear of litigation may impact how physicians approach and evaluate potential diagnoses. The use of defensive medicine, or medical practices performed to protect physicians from liability claims, has become the norm in many contemporary medical practices [1] [2] [3] . Physicians may order diagnostic imaging or procedures to rule out serious and even unlikely diagnoses to reduce the possibility of litigation [2] . Defensive medicine has been criticized because of its contribution towards increased healthcare costs; it is estimated that the costs of defensive medicine totaled over $45 billion dollars in 2008 [4] . US cardiologists are more likely to face malpractice claims than non-cardiologists (8.6% versus 7.4%), and litigation rates for cardiologists are surpassed only by gastroenterologists and cardiothoracic surgeons [5] . Previous characterization of cardiology medical malpractice claims found that diagnostic error was the leading cause for litigation [5, 6] .
We queried WestlawNext™, an online database of legal proceedings, to characterize cardiology malpractice litigation from 2010 to 2015. Our goals were twofold: first, we sought to characterize the reasons for litigation of medical malpractice claims against defendant cardiologists; second, we aimed to determine the associations between the cited bases for litigation and defendant or plaintiff verdicts. Previous literature has indicated that the tendency to litigate is largely based on the patient's perception of the doctor-patient relationship [7, 8] . As a result, we hypothesize that despite a climate of increased use of defensive medicine, failure to diagnose remains a common reason for litigation among cardiology cases and is associated with increased odds of plaintiff verdict.
Materials And Methods
The WestlawNext™ legal database (Thomson Reuters, New York, NY) was used to characterize cardiology malpractice-related state and federal jury verdict and settlement reports in the United States between January 1, 2010 and December 31, 2015 [9] . The WestlawNext™ registry is widely used for legal research and incorporates multiple legal databases with an advanced search algorithm [10] . Results include relevant case documents such as jury verdicts, settlements, and case summaries, thereby allowing for review of litigated cases. The database is updated regularly with content supervised by attorney editors responsible for accurately categorizing and summarizing cases, and has had extensive application in analyses of medical malpractice [11] [12] [13] .
We queried WestlawNext™ with the search terms "medical malpractice" and "cardiology." Two independent reviewers (Varun Ayyaswami -VA and Eric Eidelman -EE) reviewed the available documents for the 224 cases identified by the search. The reviewers examined 10 cases to ensure consistent categorization followed by each reviewer examining 50% of the remaining cases. Reviewers identified duplicate cases and those not pertinent to cardiovascular disease during review. The following were extracted from the remaining cases for each verdict or settlement: the state in which the trial was conducted, defendant specialty and membership in hospital group, plaintiff age and sex, reasons for litigation, patient death, jury verdict, and value of monetary award. The reasons for litigation were determined for each case through review of available case files and cases were classified with one or more reasons for litigation as used by previous malpractice studies [9, 11, 14] . Reasons for litigation were characterized by our reviewers as failure to treat, failure to diagnose, failure to refer/order diagnostic tests, procedural error, severe hospitalization, unnecessary surgery, lack of informed consent, and death.
Binary logistic regression models were created to predict likelihood of defendant verdict versus plaintiff verdict, defendant verdict versus case settlement, and plaintiff verdict versus case settlement. Odds ratios (OR) and 95% confidence intervals (CI) were calculated for patient age greater than 65 years and each reason for litigation. A p-value of <0.05 was considered statistically significant. Regressions were performed in SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA).
Results
Following exclusions for duplicate cases (n=16) or not related to cardiovascular disease (n=39), there were 166 cases available for review, as summarized by Figure 1 . Plaintiffs for the 166 cases were predominantly male (n=94; 56.6%), and the age of the affected patient was 53.3±17.5 years. Table 1 summarizes characteristics of the cases and Table 2 presents reasons for litigation. Cases were distributed amongst 24 US states with the majority being tried in Florida (30; 18.1%) followed by New York (19; 11.5%), California, and Massachusetts (both 18; 10.8%) ( Outcomes from regression analysis are presented in Table 5 and indicate that failure to diagnose had significantly higher odds of plaintiff verdict compared to defendant verdict (OR 7.60 (1.14, 50.87), p = 0.04). Patient age ≥65 years, failure to treat in a timely manner, failure to refer/order diagnostic tests, unnecessary surgery, procedural error, severe hospitalization greater than 30 days, and patient death were not associated with jury or settlement outcomes.
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Discussion
The primary goal of this study was to characterize reasons for litigation against cardiologists and to determine if they have remained static in the setting of a changing medicolegal landscape. Our analysis reveals that despite increased use of defensive medicine in recent years, failure to diagnose remained among failure to treat and patient death as the most commonly cited bases for litigation. Among cases that cited failure to diagnose as a reason for litigation, myocardial infarction was the most commonly missed diagnosis.
It is paradoxical that even with documented increases in defensive medicine, physicians are still frequently facing malpractice claims that cite missed diagnoses [4, 15, 16] . This study is unique in that in addition to characterizing cardiology claims, it provides a framework for understanding the predictors of a plaintiff verdict. Therefore, we were able to demonstrate that in addition to the sheer frequency of cases involving failure to diagnose, claims with this basis for litigation cited have a statistically greater odds of a plaintiff verdict. The association of failure to diagnose with a plaintiff verdict is consistent with analyses of litigation in other medical specialties. In a study of otolaryngology malpractice litigation, failure to diagnose was the most common legal allegation, encompassing 51.5% of cases [17] . In a report on neurosurgery malpractice, failure to diagnose was listed as the third most common reason for litigation preceded only by procedural error and failure to treat [18] . It is critical that future research investigates the systematic reasons as to why diagnoses are missed.
Our study is not the first to ascertain that missed diagnoses of myocardial infarction are at the crux of much of cardiology malpractice litigation [19] . A 2017 retrospective analysis of malpractice claims involving myocardial infarction found that misdiagnosis was the most common claim. The analysis also found that delayed diagnosis resulted in a plaintiff verdict if the physician either failed to work up a patient with coronary artery disease risk factors presenting with the cardinal symptom of chest pain or ischemic heart disease or if the physician failed to perform indicated treatment in a timely manner to avoid disease progression [20] . Of note, cited bases for litigation are obtained from legal proceedings, and the semantics used in law may differ from those in medicine. In the setting of an acute myocardial event, missed diagnosis, misdiagnosis, and delayed diagnosis often have similar morbidity and patient outcomes. We, therefore, argue that the finding of delayed diagnosis resulting in a plaintiff verdict corroborates our finding of failure to diagnose resulting in a plaintiff verdict.
Defensive medicine is often critiqued for subjecting patients to a greater number of tests and increasing healthcare costs, and current literature remains inconclusive as to whether defensive medicine has patient merit. In an analysis of patients with acute myocardial infarctions admitted to California hospitals, patients in the highest quintile of hospital spending had lower inpatient mortality rates compared to those in the lowest quintile [21] . Increased hospital spending correlated with a greater number of diagnostic tests ordered.
Another study amongst internists found that the internists in the highest fifth of patient riskadjusted resource use were approximately half as likely to face future malpractice claims when compared to internists in the lowest fifth [22] . Increased use of resources was associated with both a decrease in litigation and improved patient health outcomes. Contrary to the findings of these two studies, a recent study of defensive medicine in the military, a setting in which physicians are immune from medical malpractice lawsuits, indicated that liability immunity reduced inpatient spending by 5%, with no negative ramifications on patient outcomes [23] . Frakes et al. argued that because defensive medicine is conducted unsystematically and without proper clinical suspicion, it does not result in improvements in patient care [23] . Furthermore, eliminating the impetus for defensive medicine via medical malpractice immunity did not decrease the quality of patient care [23, 24] .
We also identified that cardiologists were not defendants in a large portion of cases. The high percentage of non-cardiologists implicated in cardiology medical malpractice claims highlights the role of other specialties and healthcare professionals in recognizing and managing acute cardiac events. Due to the acuity of myocardial infarctions, patients may not necessarily present to a cardiologist, often presenting to a primary care physician or the emergency department. It can be argued that in this regard, ordering an electrocardiogram may be an appropriate constitution of defensive medicine, as the consequences of a missed diagnosis of myocardial infarction are detrimental, and this inexpensive test likely does not constitute a significant portion of defensive medicine's contribution to rising healthcare costs. However, the failure of this method in detecting myocardial infarctions lies in the interpretations of the electrocardiograms. Studies have found that despite the introduction of computerized interpretations, medical students and physicians of a variety of specialties may not be adequately trained to read electrocardiograms, and this can lead to adverse outcomes [25] .
Increased education in cultural competencies and atypical presentations of myocardial infarction may also play a pivotal role in decreasing missed diagnoses of myocardial infarction. Women less than the age of 55 and non-white individuals presenting to the emergency room with symptoms of acute cardiac ischemia are significantly less likely to be hospitalized than men and white counterparts, respectively [26] . Inherit biases may also play a role in missing diagnoses. Diagnostic errors have previously been categorized as either no-fault errors, systemrelated errors, cognitive-related errors, or a mixture of all three [27] . Cognitive related errors are, to some degree, a result of inherent biases and have been shown to contribute to physicians' assessments of patients' presenting symptoms. Therefore, missed diagnoses may be reduced by training physicians to be more cognizant of subconscious biases during patient assessments.
There are several limitations to this study. Although the WestlawNext™ search engine includes large numbers of cases from federal and state courts, case submission is not mandatory, and the database does not contain out of court malpractice settlements. As a result, our sample size was limited. For example, the initial review of the 166 cases that met inclusion criteria revealed too few cases involving unnecessary surgery and failure of informed consent as reasons for litigation to calculate odds ratios for verdict outcomes. It is possible that such allegations have limited incidence in cardiology. For example, while there are certainly variations in the procurement of informed consent, physicians across all specialties are aware of the legal consequences of performing procedures without consent, more so than ever before [28] . Additionally, defendant physician professional and demographic information such as years of experience, age, history of previous litigation, and medical education were not consistently available for analysis. Decreased age, previous litigation, and lower quality medical education based on national rankings of institutions are all independently associated with increased odds of being involved in malpractice suits [29] ; we were unable to investigate the associations of these factors in our analysis.
Conclusions
This analysis of cardiology malpractice claims over a six-year period confirmed our hypothesis that failure to diagnose is a common reason for litigation and a statistically significant predictor of a plaintiff verdict; this is despite documented increases in defensive medicine over the past decade. While this study cannot isolate the impact of defensive medicine on missed cardiovascular diagnoses, it is imperative to recognize that defensive medicine alone is evidently insufficient to protect both physicians and patients. As myocardial infarction was the most frequently missed diagnosis, further research is warranted to investigate downfalls in diagnosis with a focus on electrocardiogram interpretation and cultural competency. Attention to this diagnosis has the potential to improve patient outcomes, decrease the burden of medical malpractice claims, and optimize the allocation of healthcare dollars.
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